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Traditionally, explanations of spatial cueing eﬀects posit the operation of orienting mechanisms that act to reposition the spatial locus
of attention. This process is often viewed to be analogous to the movement of an attentional ‘spotlight’ across the visual ﬁeld to the cued
region and is thought to occur either in an exogenous or endogenous manner, depending on the nature of the cue. In line with this view,
anomalous ﬁndings in dyslexic groups using paradigms involving brief peripheral cues have been interpreted as evidence for a particular
deﬁciency with stimulus-driven, exogenous orienting. Here, we demonstrate that an exogenous orienting deﬁcit is an unfeasible expla-
nation of recent ﬁndings in which dyslexic individuals fail to derive beneﬁt from peripheral cues indicating the location of a target in
a single ﬁxation visual search task. In a series of experiments examining cueing eﬀects in normal readers, we ﬁnd no evidence to support
the operation of an attentional orienting mechanism that is (i) fast but transient; (ii) automatic and involuntary; and (iii) preferentially
driven by abrupt luminance transients. Rather, we ﬁnd that the magnitude of obtained beneﬁts is primarily determined by the informa-
tional value of the cue (irrespective of how information is conveyed) and the accessibility of the target representation once the cue had
been delivered. In addition, we show that dyslexic individuals’ diﬃculties with cued search do not reﬂect problems with detecting and
localising the cue, and generalise to diﬀerent cue types. These results are consistent with a general weakness of attentional selection
in dyslexia.
 2007 Elsevier Ltd. All rights reserved.
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It seems reasonable to assume that visual attention must
play some role in the reading process. The amount of data
contained on a standard page of text typically prohibits the
visual system from analysing all retinal information at
once. Rather, a small subset of the visual ﬁeld must be
selected during each successive ﬁxation. The amount of
information a reader can extract at any instant is com-
monly referred to as the eﬀective visual ﬁeld or perceptual
span (McConkie & Rayner, 1975; Rayner, 1975a, 1975b).0042-6989/$ - see front matter  2007 Elsevier Ltd. All rights reserved.
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E-mail address: nwr@psychology.nottingham.ac.uk (N.W. Roach).A number of methods have been used to estimate the size
and shape of the perceptual span during reading (see Ray-
ner & Pollatsek, 1989, for a review). Most notably, eye-
contingent displays have been used to restrict both the
amount of available text and its position relative to ﬁxa-
tion. For readers of alphabetic orthographies such as Eng-
lish, the bulk of evidence points to an asymmetric span
extending from 3 to 4 characters to the left of ﬁxation to
14 to 15 characters to the right of ﬁxation (Rayner,
1998). Removal or degradation of information within this
moveable window results in reduced reading speed and ﬂu-
ency. Note, these results do not imply that any word or
individual letter falling within the perceptual span can be
resolved. Rather, at the rightmost extremities of the span
it is mostly coarse information about word length and
spacing that is recovered (Pollatsek & Rayner, 1990).
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span is narrower in dyslexia, a developmental impairment
characterised by speciﬁc diﬃculty with reading skill acqui-
sition. For example, Rayner, Murphy, Henderson, and
Pollatsek (1989) measured reading speed while manipulat-
ing the number of visible words using the eye-contingent
moveable window paradigm (see McConkie & Rayner,
1975). In normal readers, reading speed increased as a
function of the number of words presented in window,
reaching asymptote once three words were visible. By con-
trast, the eﬀect of window size was less pronounced in two
individuals with developmental dyslexia and reached
asymptote earlier. However, with this form of research it
is diﬃcult to ascertain whether diﬀerences reﬂect something
of potential causal signiﬁcance for dyslexia, or simply
result as a consequence of diﬀering levels of reading skill.
To avoid this problem, most studies of selective visual
attention in dyslexia have tended to employ behavioural
tasks that do not explicitly involve reading.
1.1. Spatial cueing
One of the most popular experimental paradigms for
studying visual attention is spatial cueing. A large body
of evidence has accumulated over the years to support
the notion that cueing a particular location can facilitate
perceptual judgements made about subsequently presented
stimuli. An early demonstration of this kind was by Erik-
sen and colleagues, who measured the time taken for par-
ticipants to report the identity of a cued target letter
presented in a multi-letter display. Faster responses were
found when the cue preceded the stimulus array—reaction
times (RTs) decreased as a function of SOA before reach-
ing asymptote at around 200-300 ms (Colegate, Hoﬀman,
& Eriksen, 1973; Eriksen & Hoﬀman, 1972a, 1972b). Pre-
cueing beneﬁts were also obtained when the target stimulus
was presented in isolation at one of a number of possible
locations (Eriksen & Hoﬀman, 1973, 1974). Posner and col-
leagues (e.g. Posner, 1978, 1980; Posner, Nissen, & Ogden,
1978; Posner, Snyder, & Davidson, 1980) extended Eriksen
and Hoﬀman’s single target paradigm by manipulating the
predictive validity of the spatial cue. For example, in a
block of trials a cue might indicate the target location on
70% of trials (valid cues), while indicating a non-target
location in remaining cases (invalid cues). Neutral cues,
which provide no spatial information regarding the target,
can also be incorporated to provide a baseline measure.
Participants are typically instructed to maintain ﬁxation
throughout a trial and catch trials (where no target
appears) are used to try to minimise premeditated
responses. Posner and colleagues advocated a cost-beneﬁt
analysis, implemented by comparing RTs for target detec-
tion across cue conditions. Typically, RTs for validly cued
trials are faster than for neutral cues, indicating a relative
performance beneﬁt. Invalid cueing however, results in a
performance cost, where RTs are slower compared to the
neutral condition. The beneﬁts and costs associated withvalid and invalid cueing are attributed to the presence
and absence of attention, respectively.
1.2. Impaired exogenous orienting of attention in dyslexia?
Two broad classes of cue have been extensively investi-
gated using RT spatial cueing paradigms. Symbolic cues
(e.g. arrows, numbers) are typically presented at or near
ﬁxation and require some form of interpretation or decod-
ing. Peripheral cues on the other hand, directly convey spa-
tial information, by virtue of the fact that they are
presented near the impending stimulus location (e.g.
Jonides, 1980, 1981; Posner, 1978). It is widely believed
that symbolic cues require volitional endogenous shifts of
attention, while peripheral cues can initiate exogenous ori-
enting mechanisms. These two forms of attentional control
are thought to be characterised by quite diﬀerent
properties.
Manipulations of the temporal separation between cue
and target have revealed distinct time courses for symbolic
and peripheral cues (e.g. Cheal & Lyon, 1991; Kro¨se &
Julesz, 1989; Mu¨ller & Rabbitt, 1989; Nakayama &
Mackeben, 1989). Symbolic cues tend to produce relatively
sluggish eﬀects, requiring 300–500 ms cue-lead time (SOA)
to achieve maximum eﬀect. Beyond this peak RTs for tar-
get detection typically asymptote, suggesting that attention
can be sustained at the cued location indeﬁnitely. In con-
trast, peripheral cues reach maximum eﬀectiveness within
100 ms, consistent with a rapid shift in attention to the
cued location. However, in this case facilitatory eﬀects
are transient, with performance beneﬁts dissipating rapidly
with further increases in cue–target separation. Peripheral
cues presented with large SOAs (e.g. 400 ms) can even pro-
duce a slowing eﬀect on RTs, a phenomenon that has
become known as inhibition of return (e.g. Posner &
Cohen, 1984; Posner, Rafal, Choate, & Vaughn, 1985;
see Klein, 2000, for a review).
Whereas utilising symbolic cues requires voluntary eﬀort
on the part of the observer, it has been suggested that
peripheral cues may ‘capture’ attention automatically. Sup-
port for this proposal was ﬁrst provided by Jonides (1981),
who showed that cue validity eﬀects persist when a periph-
eral cue is known to be uninformative. Remington, John-
ston, and Yantis (1992) further demonstrated that
observers fail to suppress the inﬂuence of a peripheral
cue when it was known to never indicate the location of
the target. In contrast, decreasing the information value
of symbolic cues dramatically reduces their inﬂuence on
performance (e.g. Jonides, 1981; Kro¨se & Julesz, 1989). A
large body of work now exists documenting the conditions
and limits of exogenous attentional capture (for recent
reviews see Ruz & Lipia´nˇez, 2002; Simons, 2000; Theeuwes
& Godijn, 2001; Yantis, 2000). While it is unlikely that
exogenous cues operate with complete independence from
top-down factors, events such as abrupt luminance changes
and the appearance of new objects enjoy a high priority in
determining attentional selection.
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towards a speciﬁc deﬁcit in exogenous orienting. Facoetti,
Paganoni, Turatto, Marzola, and Mascetti (2000)
employed a typical Posner-style cueing paradigm, measur-
ing simple reaction times for the detection of a dot stimulus
presented in one of two locations. Peripheral cues with 80%
validity were used to probe exogenous orienting. Reaction
times for groups of normally reading adults and children
exhibited the standard pattern of cost and beneﬁt associ-
ated with valid and invalid cues. Overall, dyslexic partici-
pants were slower to respond than either control group.
More importantly though, they also failed to show a signif-
icant eﬀect of cue type. This was interpreted as evidence
that the appearance of the cue failed to attract attention
in dyslexic individuals. In a second experiment Facoetti
and colleagues used central symbolic cues (arrows) to
determine whether atypical results in the dyslexic group
also generalise to endogenous orienting. While the dyslexic
group was again slower than controls, on this occasion they
did show a similar magnitude cue validity eﬀect.
Facoetti and colleagues’ ﬁnding that diﬀerences between
normal and dyslexic readers are speciﬁc to the use of
peripheral cues is consistent with a number of other stud-
ies. Brannan and Williams (1988) measured the eﬀect of
peripheral cueing on participants’ accuracy for identifying
letter targets presented to the left or right of ﬁxation. While
adults and children with normal reading ability showed
substantial cue validity eﬀects with an 80% valid precue,
dyslexic children did not. Similar results were also recently
reported by Kinsey, Rose, Hansen, Richardson, and Stein
(2004) using coherent motion detection as a dependent var-
iable. In contrast, no diﬀerences between dyslexic and con-
trol children were found by Jonkman, Licht, Bakker, and
Van den Broek-Sandmann (1992) using a RT cueing para-
digm with symbolic cues.
An obvious question prompted by these ﬁndings is
whether the failure of peripheral cues to inﬂuence dyslexics’
performance is dependent on the temporal relationship
between the cue and stimulus display. Let us consider the
two extreme positions. On one hand, peripheral cueing
might fail to capture attention in dyslexic individuals. If
this were true, little or no eﬀect of cueing would be
expected, irrespective of the cue–target delay. On the other
hand, it might be that dyslexic individuals are simply
slower to shift the locus of attention. According to this
hypothesis, dyslexics might show similar cueing eﬀects to
those seen in normal readers if greater temporal separation
was introduced between the cue and target. While a num-
ber of studies have manipulated the relative timing of
peripheral cues, the precise nature of the diﬀerences
between dyslexic and normal readers remains unclear.
Some evidence points towards a complete absence of cue-
ing eﬀects in dyslexia (Facoetti et al., 2000, 2003), whereas
the results of recent study suggest that group diﬀerences
may be dependent on the temporal relationship between
cue and target (Facoetti, Lorusso, Cattaneo, Galli, & Molt-
eni, 2005, see also Hari & Renvall, 2001).1.3. The present study
While the vast majority of research on spatial cueing in
dyslexia has employed RT measures, we have recently
begun using cueing in conjunction with a single ﬁxation,
visual search task measuring psychophysical thresholds
for target discrimination (Roach & Hogben, 2004, 2007).
This approach oﬀers a number of advantages over more
traditional methods, particularly in terms of the control it
provides over basic sensory requirements of the task and
the magnitude and speciﬁcity of performance diﬀerences
obtained between dyslexic and normal readers. In this task,
participants are required to discriminate the orientation of
a tilted target stimulus, presented along with a number of
vertical distractors. In the absence of cueing, we have
found that dyslexic adults’ orientation discrimination
thresholds are virtually indistinguishable from those of
normal readers. However, a strikingly diﬀerent pattern
emerges when the location of the target stimulus is pre-
cued by the appearance of a peripheral dot stimulus imme-
diately prior to the search array. Despite the fact that stim-
ulus presentation is suﬃciently brief to preclude eye
movements, normal readers consistently beneﬁt from this
form of informative cueing. In contrast, many dyslexic
adults show little or no such beneﬁt.
In the absence of any movement of the eyes, changes in
task performance that occur following a location pre-cue
are typically interpreted in terms of the operation of a cov-
ert orienting mechanism that acts to shift the spatial locus
of attention. Within this context, the spatial cueing deﬁcits
displayed by dyslexic individuals appear consistent with
previous suggestions of slower or weaker exogenous orient-
ing compared to normal readers. However, it is important
that we do not simply accept this interpretation without
careful consideration. Although the dot-cue is fundamen-
tally the same as that used in previous research, the single
ﬁxation search task diﬀers in many respects from tradi-
tional RT cueing approaches. Therefore, in order to make
inroads towards understanding the nature of the cueing
deﬁcit observed in dyslexic individuals, it is important that
we ﬁrst have a solid understanding of the processes under-
lying the normal facilitatory eﬀects of cueing on this task.
Here we begin by examining the properties of the spatial
cueing eﬀect in normal readers. Particular emphasis is
placed on establishing evidence for the operation of exoge-
nous orienting mechanisms that (i) is characterised by a
fast, transient time course, (ii) operates without the require-
ment of voluntary eﬀort and (iii) is preferentially driven by
abrupt luminance changes.
2. Properties of cueing eﬀects in normal readers
2.1. General methods
2.1.1. Observers
Six observers participated in the study, each of who had
normal or corrected to normal vision. Observers CCO,
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experiments in which they participated. None of the
observers had any history of reading diﬃculties.2.1.2. Apparatus, stimuli and procedure
Visual stimuli were programmed in Mathworks Matlab
(versions 6.1/6.5), preloaded onto the framestore section of
a Cambridge Research Systems Visual Stimulus Generator
(VSG) 2/3 graphics card and displayed on a gamma-cor-
rected Sony Multiscan 20SE monitor (framerate = 100 Hz,
mean luminance = 23.5 cd/m2) at a ﬁxed viewing distance
of 100 cm. Observers viewed the display binocularly in a
small, darkened testing room. Search arrays consisted of
up to 16 Gabor patches equally spaced around a circular
conﬁguration 5 deg from a central ﬁxation cross (see
Fig. 1). The luminance proﬁle of each Gabor was deﬁned
by the function
Gðx; yÞ ¼ Ce
ðxx0Þ2þðyy0Þ2
2r2 sinxðx cos h y sin hþ UÞ
where x0 and y0 are the horizontal and vertical centre
points of the patch, r is the standard deviation of the
Gaussian envelope and C deﬁnes the peak stimulus con-
trast. x, h and U set the spatial frequency, orientation
and phase of the sinusoidal carrier grating respectively.
On each trial, one of the Gabors was randomly desig-
nated as the target, and was tilted either clockwise or coun-
ter-clockwise of vertical. The remaining distractor Gabors
all remained vertical. Unless where otherwise indicated,
the envelope standard deviation (0.5 deg), peak contrast
(50% Michelson), spatial frequency (2 c/deg) and phase
(0) parameters were identical for target and distractor stim-
uli. The search array was presented for 100 ms and observ-
ers were required to indicate the orientation of the target
relative to vertical (single interval forced choice). In cued
conditions, the location of the target was indicated by a
black dot (diameter = 11 arc min, luminance <1 cd/m2)
presented for 20 ms at a position 4 deg along an imaginary
radial line linking the ﬁxation cross to target location.
Except where stated otherwise, the cue was presentedFig. 1. Example stimuli for a standard version of the cued, single ﬁxation sear
search array, consisting of a tilted target Gabor and 15 vertical but otherwiseimmediately prior to the search array (SOA = 20 ms).
In some experiments, a backward masking stimulus was
presented for 100 ms immediately following the oﬀset of
the search array. The masking stimulus consisted of ran-
dom luminance noise patches centred on each of the Gabor
locations. Each noise patch was 1.47 deg square and con-
sisted of 11 arc min pixels drawn from a uniform lumi-
nance distribution spanning the full monitor output
range. Pilot testing conﬁrmed that presentation of the mask
did not compromise cue detectability. During a block of 80
trials, target tilt was manipulated via an adaptive proce-
dure (PEST, Taylor & Crellman, 1967) set to converge
on 75% correct performance. Estimates of orientation dis-
crimination thresholds were obtained by calculating the
mean target tilt across all trials following the third reversal
point. Four independent threshold estimates were obtained
for each observer in each experimental condition (i.e. 320
trials contribute to each individual data point).
2.2. Time course
In normal readers, the magnitude of the beneﬁt derived
from spatial cueing has previously been shown to increase
as a function of set size—the number of elements in the
search array (Roach & Hogben, 2004, 2007; see also Bald-
assi & Burr, 2000; Palmer, Ames, & Lindsey, 1993). To
map out the time course of these cueing eﬀects, cue–target
stimulus onset asynchrony (SOA) was systematically
manipulated using a set size of 16. A range of SOAs were
implemented, incorporating both conditions in which the
cue preceded (negative values) and followed (positive val-
ues) the search array. The maximum pre-cue SOA was
restricted to 300 ms, to minimise the potential for antici-
patory eye movements to the target location. Separate time
course functions were collected with and without backward
masking of the search array.
2.2.1. Results and discussion
Fig. 2a shows thresholds for discriminating the orienta-
tion of the target stimulus with an unmasked search array,ch task. (a) A small dot cue indicating the target position. (b) A set size 16
identical distractor Gabors.
Fig. 2. Temporal proﬁle of cueing eﬀects with (a) unmasked and (b) masked displays. Cued search thresholds are plotted as a function of cue–target
stimulus onset asynchrony (SOA), where negative SOA values designate conditions in which the onset of the cue preceded that of the stimulus array.
Vertical bars indicate the presentation interval for the search array (grey) and the mask (patterned); the horizontal dotted line indicates uncued
performance level. For this, and subsequent ﬁgures, error bars span one standard error above and below the mean and diﬀerent scales are used on the
ordinate for each observer.
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chrony (SOA). For comparison, the dotted horizontal line
in each panel indicates uncued performance levels obtained
by each observer. Although the absolute level of perfor-
mance diﬀered somewhat across observers, all showed
quite similar proﬁles across time. Pre-cueing was beneﬁcial
to performance, resulting in smaller thresholds for discrim-
inating the orientation of the target compared to that
obtained without a cue. However, the magnitude of the
pre-cueing beneﬁt did not change substantially as a func-
tion of SOA. Similar cueing eﬀects were found when the
cue appeared simultaneously with the search array
(SOA = 0), to when the cue was presented ﬁrst. In addi-
tion, there was no noticeable reduction in the cueing eﬀect
as the temporal separation between the cue and target was
increased up to the maximum pre-cue SOA of 300 ms. The
magnitude of the cueing eﬀect gradually decreased as cue
onset was delayed after the onset of the search array. Inter-
estingly, some beneﬁt continued to persist even when the
cue was presented after the search array had disappeared.
This was most marked in observer NWR, who continuedto beneﬁt from cue presentation more than 600 ms after
the oﬀset of the stimulus array.
As shown in Fig. 2b, masking the search array produced
variable eﬀects on absolute levels of performance. Com-
pared to the unmasked data presented in the previous
experiment, uncued thresholds for two observers rose mar-
ginally (11% increase for NWR, 21% increase for CCO). A
considerably more marked eﬀect was seen for JHH, where
masked thresholds were more than double unmasked
thresholds (156% increase). Consistent with the unmasked
dataset, pre-cueing facilitated task performance for all
three observers. However, masking produced a consistent
sharpening eﬀect on temporal functions. Cueing eﬀects
were maximal for cue lead times of longer than about
100 ms (SOA = 100 ms), but dropped oﬀ quickly as a
function of SOA. Indeed, cues presented simultaneously
with the onset of the search array were noticeably less eﬀec-
tive than pre-cues. NWR and JHH show signs of beneﬁting
from cues presented shortly after the onset of the search
array. However, cueing did not aﬀect performance in any
observer once the mask was presented.
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iment. These are (i) that attentional selection can proceed
rapidly following the presentation of the cue; (ii) that per-
formance beneﬁts do not dissipate in a manner predicted
by a transient attentional response to the cue; and (iii) that
facilitatory cueing eﬀects are not necessarily limited to
instances when presentation of the cue precedes that of
the stimulus display.
It is typically assumed that attention needs to be shifted
to a cued location in order to elicit a cueing eﬀect, and this
orienting process takes some amount of time. In the case of
exogenous attentional shifts, the time required is thought
to be brief, in the order of 50–100 ms. The temporal pro-
ﬁles obtained in the present experiment are consistent with
rapid attentional selection. However, it is diﬃcult to infer
anything about a discrete orienting component from the
results. In previous studies (e.g. Mu¨ller & Rabbitt, 1989;
Nakayama & Mackeben, 1989), the magnitude of pre-cue-
ing eﬀects was found to initially increase as a function of
SOA and the time required to orient attention was inferred
from the point at which the eﬀect peaked. The present data
set is less clear in this regard—cues presented simulta-
neously with an unmasked search array were either as eﬀec-
tive (in the case of NWR) or nearly as eﬀective (JHH and
CCO) as any of the pre-cueing conditions. Thus if reorient-
ing of attention is required prior to selection, it must be
extremely rapid (if not instantaneous). Results using
masked displays revealed a more marked change in the
eﬀectiveness of cues in the region of time immediately pre-
ceding presentation of the search array. However, the fact
that partial cueing eﬀects continue to be observed when the
cue appears during stimulus presentation suggests that
such shifts are unlikely to operate in a discrete all-or-none
fashion.
The results from this experiment indicate that the cueing
eﬀect investigated here is not characterised by the same
transient temporal proﬁle previously reported with similar
types of cues. Rather, cues presented prior to the target
array were beneﬁcial to performance, regardless of SOA.
How might we reconcile this result with previous ﬁndings
demonstrating inhibition of return? One possibility is that
the range of pre-cue SOAs employed was not large enough
in the present study. While inhibitory cueing eﬀects have
been elicited previously with SOAs of 300 ms or less (e.g.
Maylor, 1985; Posner & Cohen, 1984; Wright & Richard,
1998), often a larger cue-lead time is required to obtain
the most successful demonstration (e.g. Cheal & Chastain,
1999; Pratt, 1995). In addition, Lupia´nez and colleagues
have provided evidence to suggest that the time required
to elicit inhibition is longer for tasks requiring discrimina-
tion of the target than for simple detection (Lupia´nez, Mil-
liken, Solano, Weaver, & Tipper, 2001; Lupia´nez, Mila´n,
Tornay, Madrid, & Tudela, 1997). The cueing task
employed here diﬀers in a number of respects from those
typically used to study inhibitory cueing eﬀects. A poten-
tially critical point of diﬀerence is the fact that while most
studies employ partially valid or uninformative cues, thecue used in the present study was 100% valid (i.e. it always
indicated the target location). Indeed, Wright and Richard
(2000) have argued that inhibition is highly dependent on
cue validity. In their simple RT cueing study, inhibitory
cueing eﬀects found using an uninformative cue at a SOA
of 400 ms became facilitatory when cue validity was
increased to 80%. There are at least a couple of ways one
might explain this ﬁnding. One possibility is that informa-
tive cues activate both exogenous and endogenous orient-
ing mechanisms. Given that the target is more likely to
appear at the cued location, it would be optimal to supple-
ment an exogenous ‘grab’ with deliberate maintenance of
attention in that region of space. Thus, the temporal func-
tions obtained in this experiment might represent the sum-
mation of the facilitatory components of both exogenous
and endogenous mechanisms. Wright and Richard take a
slightly diﬀerent position. They argue that whereas the
facilitatory eﬀects of peripheral cueing are reﬂexive, inhibi-
tion is goal-driven and dependent on the speciﬁc nature of
the task. Support for this idea can be drawn from a recent
study by Cheal and Chastain (2002), who found that the
range of SOAs utilised in a testing block signiﬁcantly
aﬀects the time course of inhibition.
Cueing studies of visual attention typically only include
conditions where presentation of the cue precedes that of
the target stimulus. However, a feature of the present
results is that cueing eﬀects can also occur when the cue fol-
lows the target array in time. These results strongly suggest
that attentional selection can operate on stimulus represen-
tations that persist after the oﬀset of the physical stimulus
or are held in memory. Indeed, the time course of the cue-
ing eﬀect with an unmasked display is consistent with that
of a decaying iconic memory trace, such as that indexed
using the classic partial report paradigm (e.g. Averbach
& Coriel, 1961; Sperling, 1960). Coupled with the absence
of any post-cueing eﬀects when access time was restricted
by way of a post-stimulus mask, these results suggest that
the prime determinant of the magnitude of cueing beneﬁts
is the amount of information about the search array avail-
able following cue presentation.
2.3. Automaticity
It is often claimed that the appearance of peripheral
visual stimuli ‘captures’ attention exogenously and that
such eﬀects occur automatically, without conscious con-
trol. Support for this suggestion has been drawn primarily
from RT based experiments showing signiﬁcant validity
eﬀects with completely uninformative cues (e.g. Jonides,
1981; Remington et al., 1992). Here, we investigated the
automaticity of the cueing eﬀect in single ﬁxation visual
search using two methods. We ﬁrst examined whether the
ability to discriminate the orientation of the tilted target
can be impaired by randomly cueing any location within
the search array. In addition, we employed a novel cue
manipulation in which we consistently cued the position
in the search array directly opposite where the target would
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presented in a spatial location other than that of the target.
However, in terms of the information it provides about the
target location, it has perfect validity. For each type of cue,
we ﬁrst measured unmasked performance as a function of
set size for a given SOA (20 ms), before mapping out
the full time course of the eﬀects using a backward masked
array.2.3.1. Cueing random locations
Fig. 3a shows orientation discrimination thresholds with
and without random cueing, plotted as a function of set
size. As expected, both observers displayed a noticeable
set size eﬀect for uncued search—thresholds increase as
more distractors are added to the search array. If attention
is automatically oriented to a cued location, one would pre-
dict that random cueing should impair performance. Fur-
thermore, as the probability that a distractor will appear
at the cued location increases as more distractors are added
to the display, the degree of impairment might also be
expected to increase with set size. However, the results do
not support these predictions. Random cueing had minimal
noticeable eﬀect for either observer.
A potential limitation of this experiment is that because
no mask was used, information about the search array was
available to the visual system for a substantial period of
time following the cue. Thus it might be possible that atten-
tion was automatically captured by the uninformative cue,
but that eﬀects of the exogenous shift dissipated prior to
the complete decay of stimulus information. In other
words, observers might have had time to ‘recover’ fromFig. 3. Eﬀect of randomly cueing potential stimulus positions in the search arr
function of set size under random cue and uncued conditions. Following co
positioned cue, plotted as a function of its temporal relationship with the bacthe potentially disruptive cue. However, as shown in
Fig. 3b, random cueing had no systematic eﬀect on masked
search performance, regardless of the temporal relationship
between the cue and the search array. Thus, in contrast
with previous ﬁndings from RT cueing tasks, there appears
to be little evidence that peripheral cues automatically cap-
ture attention in this paradigm.2.3.2. Informative ‘invalid’ cues
Fig. 4a shows a comparison of performance in the infor-
mative ‘invalid’ cue condition, to performance in the
absence of any cue. An automatic shift of attention to
the cued location ought to be particularly disadvantageous
in the present experiment. Unlike the randomly positioned
cue utilised previously, here the locations of the cue and
target never coincide. In fact, the cue would draw attention
to the position within the search array farthest away from
where the target would appear. However, rather than
impairing performance, cueing produced substantial bene-
ﬁts for both observers, particularly at the intermediate set
sizes (2, 4, 8). Thus, it appears that observers are able to
make use of the information conveyed by the cue, even
when the physical positions of the cue and target do not
coincide. The eﬀect of cueing was not nearly as marked
in the set size 16 condition. A likely explanation for this
is that the smaller inter-stimulus separation in this condi-
tion introduced uncertainty about the target location. With
stimuli close together it becomes more diﬃcult to ascertain
which item is directly opposite the brieﬂy presented cue.
Again, it might be possible that an automatic, exoge-
nous shift of attention initially occurs to the location ofay. (a) Orientation discrimination thresholds for an unmasked display as a
nvention, both axes are logarithmically scaled. (b) Eﬀect of a randomly
kwardly masked, set size 16 search array.
Fig. 4. Comparison of uncued search performance to performance with a perfectly ‘invalid’ spatial cue. (a) Orientation discrimination thresholds obtained
using an unmasked display are shown as a function of set size for each observer. (b) Temporal proﬁle for perfectly ‘invalid’ cueing eﬀects using a
backward-masked set size eight search display.
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tion to the opposite side of the display. Alternatively, the
observer might be able to suppress any exogenous capture,
and make a single endogenous shift away from the cued
location. Since volitional shifts in attention are thought
to be relatively sluggish (e.g. 300–500 ms), both of these
hypotheses would predict a diﬀerent time course for infor-
mative ‘invalid’ cueing to that seen with the standard
(‘valid’) cue. However, this is not borne out in the data.
Fig. 4b shows the time course for informative ‘invalid’ cues
using a masked, set size eight display. Cueing was beneﬁcial
to performance for all pre-cue (i.e. negative) SOAs. The
size of this eﬀect decreased when the cue was presented at
or after onset of the target array, and disappeared entirely
once the masking stimulus was presented. Comparison oﬀ
the temporal functions in Figs. 2b and 4b suggest that both
valid positional cues and informative ‘invalid’ cues are
characterised by a comparable time course. There is no evi-
dence to support the additional requirement of a slow, voli-
tional shift of attention in response to cues presented
opposite the cue location.
2.4. Variations of cue type
Peripheral onset cues are undoubtedly an eﬃcient means
of directing the locus of one’s attention. It has been sug-
gested that this eﬃciency might reﬂect the high behavioural
priority assigned to abrupt luminance transients (e.g.
Franconeri, Hollingworth, & Simons, 2005; Jonides &
Yantis, 1988; Yantis & Jonides, 1984) or to the appearance
of new objects in general (e.g. Enns, Austen, Di Lollo,
Rauschenberger, & Yantis, 2001; Yantis & Jonides,1996). While peripheral cues are often thought to capture
attention in a mechanistic manner, the results obtained in
the previous experiments using informative ‘invalid’ cues
suggest that the cue might operate primarily as a source
of information about the target location. Here we investi-
gate whether providing such information in other ways
leads to similar beneﬁts for task performance. Methods
were similar to the standard uncued version of the search
task with a set size of 16, with the exception that a diﬀer-
ence between the target and distractor stimuli was intro-
duced on a feature dimension other than orientation.
This ‘feature cue’ acted to make the target increasingly sali-
ent, but did not involve any transient luminance change.
2.4.1. Spatial frequency
Fig. 5a shows thresholds for discriminating the orienta-
tion of a 2 c/deg target, when displayed along with distrac-
tors of diﬀerent spatial frequencies. For each observer,
performance was poorest when distractor spatial frequency
was similar to that of the target. Introducing a diﬀerence
between the target and distractors resulted in lower thresh-
olds, regardless of whether this was achieved by increasing
or decreasing distractor spatial frequency. For each obser-
ver, the pattern of orientation discrimination thresholds
was well described by a Gaussian function. For observer
NWR, the threshold at which the function reached asymp-
tote closely corresponded to that obtained with a periphe-
ral dot cue (indicated by the open symbol and horizontal
dotted line in Fig. 5a). For JHH and JCK the performance
beneﬁts obtained in conditions with a large spatial fre-
quency discrepancy between target and distractors slightly
surpassed that achieved with the dot cue.
Fig. 5. Thresholds for discriminating the orientation of a target Gabor (2.0 c/deg, 0.5 Michelson contrast) plotted as a function of the (a) spatial frequency
or (b) contrast of the 15 additional vertical distractors, or (c) the contrast of the dot cue. Note, negative Weber contrast values indicate conditions in which
the luminance of the cue was less than that of the background. For comparison with the two feature cueing conditions, set size 16 performance with a
peripheral, 100% valid dot cue is indicated by the open symbol and horizontal dotted line.
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As shown in Fig. 5b, performance beneﬁts were also
obtained when the contrast of the distractors was changed
relative to that of the target (Michelson contrast = 0.5).
However in this case the eﬀects were asymmetric (particu-
larly for JHH and JCK), with decreases of distractor con-
trast proving more advantageous than increases. In line
with the spatial frequency ﬁndings, the peak magnitude
of the beneﬁt obtained by manipulating distractor contrast
either approximated (in the case of NWR) or marginally
exceeded (JHH and JCK) that obtained with the peripheral
dot cue. Together, these results suggest that similar
improvements in performance can be obtained, regardless
of how the target’s location is signalled.2.4.3. Cue contrast
The previous experiments demonstrated a systematic
relationship between the strength of a feature cue (deﬁned
by a diﬀerence on some stimulus dimension) and the mag-nitude of its facilitatory eﬀect on search performance. To
allow us to map out the corresponding relationship for
peripheral dot cues, we next measured cueing eﬀects while
manipulating the luminance contrast of the dot. Orienta-
tion discrimination thresholds are shown plotted against
cue contrast in Fig. 5c. The contrast polarity is indicated
by the sign of the contrast—negative values indicate a dark
cue against the grey background while positive values indi-
cate a relatively bright cue. For each observer, the eﬀective-
ness of cueing increased gradually as a function of cue
contrast. As with the feature cueing experiments, this rela-
tionship was well approximated by a Gaussian function.2.5. Cue localisation
A possible interpretation of the preceding experiments is
that the eﬀectiveness of a cue is determined primarily by the
ability of observers to extract the spatial information it
conveys. Since decreasing the salience of a cue will eventu-
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ing that cueing eﬀects ultimately disappear. To directly
quantify this relationship, we next investigated how well
NWR’s and JHH’s patterns of cued search results could
be predicted by their ability to detect a cue and correctly
derive the location of the target. Observers were required
to report the location of a target stimulus that was sig-
nalled either by a valid peripheral dot cue or by a unique
stimulus feature (spatial frequency or contrast). The stimu-
lus displays were identical to those used in Section 2.4, with
the exception that the target stimulus was always oriented
vertically. This ensured that detection and localisation of
the dot or feature cue was necessary in order to generate
the correct response. On each trial a response screen
appeared 1000 ms after the oﬀset of the search array.
Responses were made by using a mouse to position a cur-
sor on one of 16 circular markers designating the positions
of the previously presented Gabors. Mouse clicks made
outside the designated areas failed to record a response
and initiate the next trial. 40 trials were run for each of a
range of distractor spatial frequency, distractor contrast
and cue contrast values.Fig. 6. Localisation performance for cues deﬁned by the relative (a) spatial freq
dot cues of varying contrast. (d) Scatter plot between localisation accuracy an
function.2.5.1. Results and discussion
As shown in Fig. 6a–c, localisation performance for
each of the three cue types exhibited comparable depen-
dence on the strength of the cue to that observed in the
visual search task (Fig. 5). This result suggests that the abil-
ity of observers to derive the spatial information conveyed
by a cue is a strong predictor of its eﬀectiveness at facilitat-
ing search performance. This point is emphasised by the
scatter plots in Fig. 6d, in which the relationship between
localisation and search performance has been collapsed
across cue types for each observer. A strong positive linear
relationship is evident for each observer (R2 = 0.91 for
NWR; R2 = 0.70 for JHH), the gradients of which suggest
a straightforward one-to-one mapping (gradient = 1.03 for
NWR, gradient = 1.08 for JHH).
2.6. Summary
Beneﬁts obtained when the position of a target stimulus
is cued by the onset of a brief, peripheral stimulus are often
thought to reﬂect a transient, involuntary shift in attention
to the cued location. The results of the experimentsuency and (b) contrast of Gabors in the search array and for (c) peripheral
d search performance across all cue types along with the best ﬁtting linear
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pretation for the large cueing eﬀects displayed by normal
readers in the psychophysical visual search paradigm.
Rather we have found that
(i) The cueing eﬀect shows no signs of being transient.
Rather, pre-cue beneﬁts were obtained regardless of
the temporal separation between cue and target.
Moreover, there is limited evidence in the time course
of the cueing eﬀect to suggest the operation of a dis-
crete attentional orienting operation of any kind.
(ii) The inﬂuence of the cue is subject to voluntary, endog-
enous control. Cues have no apparent impact on per-
formance when they are known to be uninformative.
In addition, observers are able to rapidly beneﬁt from
the information conveyed by a cue, even if the loca-
tions of the cue and target do not physically coincide.
(iii) There is nothing to suggest that the use of peripheral
onset cues has any special role in eliciting the observed
beneﬁts. The main determinant of the magnitude of
cueing eﬀects appears to be the ability of the observer
to derive information about target location from the
cue. Also critical is the amount or quality of informa-
tion available about the search array when the cue is
delivered.3. Cue type, cue detectability and the spatial cueing deﬁcit
Now that a clearer picture of the nature of cueing eﬀects
in normal readers has been established, we are in a better
position to consider why it is that dyslexic individuals fail
to receive the same beneﬁt from cueing. As described ear-
lier, a popular recent suggestion is that while suddenly pre-
sented cues elicit automatic, stimulus-driven shifts of
attention in normal observers, such exogenous mechanisms
are either slower (Facoetti et al., 2005; Hari & Renvall,
2001), or weaker (Facoetti et al., 2000, 2003; Kinsey
et al., 2004) in dyslexic individuals. A critical assumption
of this hypothesis is that attentional orienting mechanisms
do in fact underlie the strong cueing eﬀects shown by nor-
mal readers. With this in mind, it is problematic that ourTable 1
Comparison of groups on demographic and psychometric variables. Descripti
Hogben (2007)
Control mean (SD)
Age (years) 31.62 (7.52)
KBIT matrices 112.46 (9.41)
TOWRE phonemic decoding 107.46 (9.21)
TOWRE sight word eﬃciency 100.31 (9.83)
WRMT word attack 110.77 (8.66)
WRAT-3 spelling 113.54 (8.46)
CTOPP memory for digits (scaled score) 12.38 (2.63)
CTOPP nonword repetition (scaled score) 7.38 (1.50)
Binet memory for sentences (scaled score) 53.07 (8.07)
Unless otherwise stated, numbers represent standard scores (M = 100, SD =
Nonword repetition subtest due to loss of data following an equipment malfutime course experiments failed to reveal any distinct orient-
ing component. Even if we do assume that attention needs
to be shifted to the cued location, there is reason to doubt
that a speciﬁc deﬁcit aﬀecting exogenous orienting would
produce the cueing deﬁcit seen in dyslexic individuals. In
normal readers, the eﬀectiveness of cues that appeared in
spatial proximity to the target location (standard cues)
was virtually indistinguishable from that of informative
cues requiring endogenous interpretation (informative
‘invalid’ cues). In addition, both types of cues showed very
similar temporal proﬁles. Thus, even if the appearance of a
cue failed to ‘capture’ attention in dyslexic individuals,
unimpaired endogenous mechanisms should have allowed
them to beneﬁt nonetheless.
As shown in Section 2.5, the prime determinant of the
magnitude of pre-cueing eﬀects in normal readers is the
ability of the individual to derive the spatial information
conveyed by the cue. An obvious suggestion therefore,
might be that dyslexic individuals fail to derive comparable
beneﬁt from informative spatial cueing because they have
diﬃculty with either detecting the cue, or associating it with
the spatial position of the target. In the following study, we
investigate this possibility by ﬁrst comparing cue localisa-
tion accuracy in dyslexic and normal readers and then by
measuring cued search performance using cues which have
been individually matched in terms of the localisation
information they provide.3.1. Methods
3.1.1. Participants
Nine dyslexic adults and a control group of 14 normal
readers were drawn from the large sample tested in the
study reported by Roach and Hogben (2007). Participants
were selected such that individuals in the two groups were
completely separated in terms of their cued search perfor-
mance in the largest set size condition (set size 16)—dys-
lexic participants’ thresholds all fell more than one
standard deviation above the original control group mean;
control participants’ thresholds were within one standard
deviation either side of the mean. As shown in Table 1,
the two groups diﬀered signiﬁcantly on all reading, spellingons of each of the measures have been previously reported by Roach and
Dyslexic mean (SD)
35.11 (13.99) t(21) = 0.75, p > 0.05
107.78 (6.85) t(21) = 0.20, p > 0.05
68.44 (10.20) t(21) = 9.36, p < 0.05
82.33 (7.33) t(21) = 4.21, p < 0.05
83.56 (10.83) t(21) = 6.74, p < 0.05
84.67 (14.41) t(21) = 6.05, p < 0.05
7.89 (3.95) t(21) = 3.44, p < 0.05
4.56 (1.01) t(20) = 4.91, p < 0.05
38.56 (7.58) t(21) = 4.39, p < 0.05
15). Note, one control participant does not have a score on the CTOPP
nction.
204 N.W. Roach, J.H. Hogben / Vision Research 48 (2008) 193–207and verbal short term memory measures, but not in terms
of age or non-verbal IQ. The period of time between indi-
viduals’ original testing and completion of the present
study ranged between 6 and 12 months.3.1.2. Localisation of high contrast dot cue
Participants were ﬁrst required to indicate the location
indicated by maximum contrast black dot cue, using iden-
tical methods to those described in Section 2.5. Each par-
ticipant completed a block of 80 trials, made up of ﬁve
cue presentations at each of the 16 locations. Order of pre-
sentation was randomised for each participant.3.1.3. Adaptive manipulation of cue contrast
In the next phase, the ability of each participant to
derive location information from the cue was matched.
This was achieved by running a cue localisation task in
which cue contrast was manipulated via a PEST procedure
set to converge on 80% correct performance. Contrast was
restricted to negative polarities, whereby the cue was
always darker than the surrounding background. Each
participant completed a block of 80 trials, and their thresh-
old cue contrast was calculated as the mean value following
the third reversal point. In some cases, participants did not
reach 80% accuracy even with the maximal cue contrast. In
this situation, the participant was rerun using an increased
cue duration (+10 ms). Further increases in duration were
implemented where necessary until performance converged
at 80% accuracy.3.1.4. Cued search with matched cue
Search performance was measured using the individu-
ally tailored cue. With the exception of the cue luminance
and duration, the task was identical to the standard cued,
set size 16 condition as described previously.3.1.5. Spatial frequency cue
A similar progression of testing was subsequently com-
pleted for relative spatial frequency cues. In the ﬁrst block
of trials, observers were required to localise the position of
the 2 c/deg target patch, presented amongst 3 c/deg distrac-
tors. As with the initial dot cue localisation task, 80 trials
were run with equal numbers of targets appearing at each
of the 16 locations. In the second block of trials, distractor
spatial frequency was manipulated adaptively to achieve
80% correct localisation performance for each participant.
The PEST procedure was constrained so that distractor
spatial frequency was always equal to or higher than that
of the target patch (2 c/deg). Finally, participants’ ability
to discriminate the orientation of the target was measured,
when presented along with distractors having the individu-
ally determined spatial frequency value.1 Consistent with previous treatment of threshold scores, inferential
statistics were calculated based on log-transformed scores. Accordingly,
means presented here are geometric rather than arithmetic.3.1.6. Cued search with high contrast dot cue
In order to gauge the replicability of the original ﬁnd-
ings, participants were ﬁnally re-tested on the standardcued, set size 16 search condition as previously completed
in the study reported by Roach and Hogben (2007).3.2. Results
3.2.1. Cue localisation
Both control and dyslexic groups made substantial num-
bers of errors when localising the high contrast dot cue. On
average the dyslexic group was slightly less accurate than
the control group (MControl = 78.93%, MDyslexic = 72.36%)
though this diﬀerence was not statistically signiﬁcant
(t(21) = 0.73, p > .05). In the adaptive manipulation of
dot cue contrast, 10 of the 23 participants reached criterion
using a 20 ms cue duration. Of those who did not, perfor-
mance of all but one converged when the duration was
increased to 30 ms. No systematic diﬀerences in threshold
cue parameters were apparent between the two groups.
The dyslexic group was signiﬁcantly poorer than con-
trols at localising the target based on its unique spatial fre-
quency. With target and distractor spatial frequencies ﬁxed
at 2 and 3 c/deg, respectively, mean accuracy for the dys-
lexic group was 73.89%, compared to 89.57% for the con-
trol group (t(21) = 2.62, p < .05). On average, the dyslexic
group also required a greater spatial frequency diﬀerence
between target and distractors to achieve criterion than
controls (MControl = 2.69 c/deg, MDyslexic = 2.97,
t(21) = 2.78, p < .05). This mean diﬀerence was primarily
driven by a subset of ﬁve dyslexic individuals, whose
thresholds were considerably higher than those of controls.3.2.2. Cued search performance
Search performance results are summarised in Fig. 7.
For comparison, the two leftmost datasets show data rep-
lotted from the original study reported in Roach and Hog-
ben (2007). Since participants were selected to perfectly
separate the two groups based on their cued, set size 16 per-
formance, the diﬀerence in mean thresholds between
the two groups was substantial (MControl = 4.99 deg,
MDyslexic = 13.25 deg, t(21) = 6.53, p < .05).
1 In contrast,
uncued thresholds did not diﬀer signiﬁcantly between
groups (MControl = 10.71 deg,MDyslexic = 13.60 deg, t(21) = 2.04,
p > .05). Diﬀerences in cued search performance between
groups were maintained when the quality of localisation
information conveyed by the cue was matched across par-
ticipants. Mean orientation discrimination thresholds were
signiﬁcantly higher in the dyslexic group than in the control
group for both the matched dot cue condition (MControl =
5.63 deg, MDyslexic = 10.63 deg, t(21) = 3.50, p < .05) and
for the matched spatial frequency cue condition (MControl =
2.55 deg, MDyslexic = 5.22 deg, t(21) = 4.00, p < .05). Sur-
prisingly, absolute levels of performance diﬀered between
the two matched cue conditions—thresholds for both
Fig. 7. Comparison of search performance across conditions. The upper
column graphs compare the geometric mean thresholds for control
(unﬁlled columns) and dyslexic (ﬁlled columns) groups. Asterisks denote
statistically signiﬁcant group diﬀerences (*p < 0.05). Corresponding pat-
terns of individual performance are shown below in the form of univariate
scatter plots.
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cues.
The rightmost dataset in Fig. 7 shows results when par-
ticipants were retested using the original high contrast dot
cue. Obtained thresholds for both groups were lower than
the initial estimates, suggesting participants had improved
with practice. Nonetheless, the signiﬁcance diﬀerence
between mean performance in the two groups was repli-
cated (MControl = 3.33 deg, MDyslexic = 8.75 deg, t(21) =
5.30, p < .05) and the two estimates were strongly corre-
lated (r = .76, p < .05). Scatter plots showing individual
threshold values are shown in the lower portion of Fig. 7.
Whereas the two groups were chosen to be completely sep-
arable by cued search performance, some overlap between
individuals was evident for both of the matched cue condi-
tions, and the ﬁnal high contrast dot cue condition.3.3. Discussion
The results of this study suggest that the poorer cued
search performance displayed by dyslexic individuals is
not due simply to diﬃculties with detecting and localising
the cue. Despite dyslexic and control individuals beingselected in a manner that maximised diﬀerences in cued
search performance, accuracy for localising the cue under
identical stimulus conditions did not diﬀer signiﬁcantly
between groups. Group diﬀerences in cued search perfor-
mance were also maintained using stimulus parameters
that matched cue localisation accuracy for each
participant.
An additional ﬁnding of the study is that dyslexic partic-
ipants’ diﬃculties with cued search are not speciﬁc to the
use of a peripheral dot cue. On average, the dyslexic group
had greater diﬃculty localising the target amongst distrac-
tors based on its unique spatial frequency. However, even
when the information conveyed by the spatial frequency
cue was individually matched, search performance
remained signiﬁcantly poorer in the dyslexic group com-
pared to controls.
Participants in the present study were selected such that
individuals in each group were perfectly separated based on
existing cued, set size 16 search data. In other words, it was
intentionally assured that the poorest performing control
had a better threshold than the best performing dyslexic
participant. While group diﬀerences were again found
under conditions of matched detectability, distributions
of individual scores in each group were no longer perfectly
separated. It might be tempting to infer that equating cue
detectability resulted in the amelioration of cued search
performance for a subset of dyslexic participants. How-
ever, caution is required necessary in interpreting the
results in this way. It is quite possible that the overlap
observed between individual scores represents nothing
more than a regression to the mean artifact. Originally
noted by Galton (1886), regression to the mean is a ubiqui-
tous statistical phenomenon that occurs when a non-ran-
dom sample is made from a population. Unless two
measures are perfectly correlated, a sample made up of
individuals with extreme scores on one measure will have
a tendency to look less extreme when tested on the second
measure.
4. Conclusions
Previously, we have demonstrated that cueing eﬀects in
single ﬁxation search in normal readers most likely reﬂect
a form of late attentional selection, in which information
pertaining to the target stimulus is prioritised during deci-
sion making (Roach & Hogben, 2007). The present results
suggest that the mechanisms supporting this process are
both rapid, and under ﬂexible cognitive control. This com-
bination of properties is not readily categorised within the
dominant framework of spatial cueing that supposes dis-
crete exogenous and endogenous mechanisms that serve
to reorient the spatial locus of visual attention over diﬀer-
ent time scales. Indeed, it is questionable whether the con-
struct of ‘attentional orienting’ provides any utility in
understanding cueing eﬀects on this task. Our ﬁndings indi-
cate that normal readers’ cued search performance primar-
ily depends on the extent to which the location of the target
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stimulus representations upon which to form a decision.
Perhaps the most parsimonious interpretation is that nor-
mal readers employ a ﬂexible decision-making strategy that
seeks to maximise response accuracy given the available
sensory information.
Since it is questionable whether putative attentional ori-
enting mechanisms underlie the cueing eﬀects shown by
normal readers, it is diﬃcult to reconcile support for the
suggestion that impairments of such mechanisms are
responsible for cueing deﬁcits displayed by dyslexic individ-
uals. Our results reveal that the diﬀerences in cued search
performance between dyslexic and normal readers are not
a simple consequence of a failure to detect the cue and/or
associate it with the relevant element in the search array.
When required to report the location signalled by a stan-
dard, high contrast dot cue, dyslexic individuals’ perfor-
mance did not diﬀer signiﬁcantly from that of control
participants exhibiting normal cueing eﬀects. In addition,
group diﬀerences in cued search performance were main-
tained when individually tailored cues were used to explic-
itly match localisation performance. A further ﬁnding is
that dyslexic individuals’ cueing deﬁcits are not speciﬁc to
the use of dot cues. Instead, signiﬁcant group diﬀerences
in orientation discrimination thresholds were also found
when the location of the target was cued by a unique spa-
tial frequency. The generality of these ﬁndings suggests that
the underlying diﬀerence between dyslexic and normal
readers lies in ability to select or prioritise task-relevant
sensory information to optimise task performance.Acknowledgments
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